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The Surface Detector
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ID 762238
Example Event 1 R B s R

A moderate angle event 762238
Zenith angle ~ 48°, Energy ~ 70 EeV
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ID 787469
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Example Event 2
A high zenith angle event - 787469
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vi ew of Los Leones Fl uorescence
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1st - 4 Fold Hybrid Event

20 May 2007 E ~ 109 eV




Hybrid Era

HYBRID SD only FD only

Energy A & M indep depend iIndepend

Aperture E, A, Mindep iIndepend depend

Angular
Resolution

E= energy, A= mass, M = hadronic model




Goal s of the Auger (nservatory

*** Determine the Origin of UHECRs ***

Energy Spectrum

Composition

Arrival Direction Distribution




Goal s of the Auger (nservatory

*** Determine the Origin of UHECRs ***

Energy Spectrum
features? ankle, GZK; injection? Propagation?

Composition
protons, nuclel, photons, neutrinos

Arrival Direction Distribution
anisotropies?
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Cosm ¢ Ray

Spectrum

1912 di scovered by
Vi ctor Hess

1938 Pi erre Auger
di scover ed

Extensive Air Showers
(EAS)

Energy range:
~ 10° eV to > 1020 eV

E. = PeV (E .. /ZeV)2 (2A)12
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Energy | oss Features for protons

Berezinsky et al. 03

pair

|z ..=0.003

10'® 10" 10°°
E, eV

Jops (E.2) = N(E,2) X Jeo(E)
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H gh Resol ution

Fly’s Eye
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Statistical Challenge

To reach > 104-10° km? sr yr
Past experiments ~ 103 km? sr yr

AGASA (100 km? array scintillators) 1984 - 2003
exposure ~ 1.6 103 km? sr yr

HiRes (Binocular Fluorescence Telescopes) 1997 - 2006
exposure ~ 4-6 103 km? sr yr

PIERRE AUGER Observatory (South)
3,000 km? array + 4 Fluorescence Telescopes
Aperture 6,600 km? sr - reach > 104 in 2 years




Ener gy Reconstructi on

Q Determination of S(1000) =

the signal 1000 m away from shower axis

e Convertion into S,g = S(1000) that would have been

measured at a 38° zenith angle
x =cos“ 0 —cos” 38

Sag = S1000/ (1 +ax+ bx”)lla—0.94-£0.06
h=—1.2130.21

Convertion into an FD-equivalent energy

— A— 17.08 +0.03
log Epp = A+ Blog(S3s) .




Ener gy Reconstruction
S(1000)

SD energy estimator: interpolated signal in a tank at 1000 meters and 38°
ID 762238

ID 762238
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Sys. and Stat. error added in Quadrature
Events without Saturated Stations

® sin'e=0.—-0.25
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Constant |Intensity
Curve

S1000-
equal flux < equal energy — depends on energy & zenith angle

Constant Intensity M ethod
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Energy spectrumifry 0&\) SD showers wih 6 <

10" 2x10" 3x10"

«+ calib. uncert. 10%
<> FD syst. unc. 22%

1
5165 km? sryr ~ 0.8 full Auger year + [

18.4 18.6 188 19 192 194 19.6 198 20 202 20.4




Energy spectrumifry 0&\) SD showers wih 6 <
eV]
10" 2x10" 3x10" 107 2x10%°

Slope = -2.62 + 0.03 |

«+ calib. uncert. 10%
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Energy spectrumifry 0&\) SD showers wih 6 <
eV]
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Uncertalinty on the energy
scal e

source systematic uncertainty

Fluorescence yield 14%
P, T and humidity effects 7%

Calibration 9.5%
Atmosphere 4%

Reconstruction 10%

Invisible energy 4%

Total: 22%

(improvements expected soon...)




Inclined events energy spectrum

Spectra
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Spectrum facts

Thereis an ankle

===p HOW to interpret it?

Galactic/Extragalactic transition?
or

Spectral feature from pair-production
energy losses of pure-proton UHECRS?

==p analyse composition!

Thereis a" cut-off”

===) How to interpret it?

GZK suppression?
or
Limit of the acceleration process?

==> gnalyse arrival directions!




Ankl e as Pure Proton e*e dip
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Nucleus Model

CR abundance is same as low energy Galactic components

24.5
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Exponential cutoff at
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Goal s of the Auger (nservatory

*** Determine the Origin of UHECRs ***

Energy Spectrum
features? ankle, GZK; injection? Propagation?

Composition
protons, nuclel, photons, neutrinos

Arrival Direction Distribution
anisotropies?




Conposi tion
obser vabl e:
shower maxi mum
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| nj ection Model Predictions
(Galactic/Extragalactic transition)

Pure protons (Berezinsky et a)l

Mixed composition (Allard et a.)

' | model B QGSJet-01

" | model A
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Source spectrum in E7%3 Source spectrum in E-29
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Shower maxl num over 2 decades in
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Compari son wth previous
st udi es

Auger |[CRCGTY
Fly's Eye
HiRes/Mia
HiRes

M’-H

i;;: .+ ? 111 69 25

IIIIJ-

1" 10'™

L arge number of events allows good control
and understanding of systematics




Photon i mt

Top-down models predict large UHE photon flux

SHDM models; decay of super- Showers at E=10% eV, 6 = 0°:
heavy dark matter accumulated in
Galactic halo

TD models. supermassive particle
decay from topological defect
Interaction or annihilation

Photon-induced showers
look very different

500600 700 800 900
Depth g/cm?2




Photon i mt

* Fly's Eye

= HiRes-MIA

* HiRes 2004

- % Yakutsk 2001

— & Yakutsk 2005
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Larger X, photon showers delayed by > 200 g/cm? at 10%° eV

s—> +SD observables; | Smaller risetime of the signals
smaller radius of curvature of the shower front




Constraints on Super-Heavy Dark Matter
as sources of UHECRs
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results (photon |imt)

Auger 2007

Auger 2006

T Super heavy dark
matter (SHDM)
Auger 2007 models are excluded
1 as UHECR sources!
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Constraints on topological defects
as sources of UHECRs
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Auger results (photon limt)
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(TD) are still possible;
UHECR sources '
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TD models closer to
be constrained by
Auger neutrino limits

Auger results
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Goal s of the Auger (nservatory

*** Determine the Origin of UHECRs ***

Energy Spectrum
features? ankle, GZK; injection? Propagation?

Composition
protons, nuclel, photons, neutrinos

Arrival Direction Distribution
anisotropies?




Cosm ¢ Magnetic R elds

Larmor radius:
rr =0.1Mpc Z1t(E/10%%eV) (B /1 pG)*

Extra-galactic B?
B <102 puG

7/

.2/ weak deflection
0.1 Mpc? E > 10V




Dark Matter wthin 20 Mc

Galactic Center in the Center!!!

Kravtsov, Armengaud



Prot on Hori zon

A

4
Protons -

VL

D(Mpc)

~ 1000




Hel i um Hori zon

Vv

GOOD NEWS!*!

Allard




CNO Hor1 zon

Allard




Fe Hori zon

Fe (Z>20) -
1000




Cbserved Conpositi
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Protons with > 10205 eV

Armengaud




Protons with > 1020 eV

Armengaud




Protons with > 10195 eV

Armengaud




Sky @ Auger South = Exposure

Galactic Center in the Center!




Auger ani sotropy results

Angular resolution of ~1°: good enough!

No large-scale signal (dipole) at any energy above 1 EeV
egd.a<0.7%for 1EeV <E<3EeV

No significant emission from Galactic Center

No signal from BL-Lacs as possibly seen by HiRes

==>  none of the previous reports has been confirmed...

Two prescriptions are being tested. ..
Stay tuned!




Remar ks

\

\Angular distribution and diffusion

~

o Energy spectrum should be understood
< Mass composition s together

@ Multi- messengers - Neutrino and Photon limits

Anisotropies- EGMF & GMF limits

e CR composition important: key to GCR/EGCR transition

multi composition observables

NB: Auger enhancements

What is happening at Highest Energies???

9 Spectrum from 101805 tg 102035 gV
(10845 to 10195 eV model indep anal)

Ankle and Dip - GZK or E,,
GZK feature = see nearby sources - Whereis our Crab?







VWere 1s Qur Crab?

Whipple 1989




VWere 1s Qur Crab?

Whipple 1989

HESS, MAGIC, VERITAS, Cangar@o 200




VWere 1s Qur Crab?

Exposures > 10% L

Exposures > 10° L

IV

L=1km?sryr -Lindey
AGASA =1.6310° L




VWere 1s Qur Crab?

Auger SOUTH 2007




Al l or Not hi ng

Auger SOUTH 207?




Auger SOUTH & NORTH

Auger SOUTH

3,000 km2 = 1,157 mile?

Hexagonal grid - 1.5 km separation

FD sites - 4 (180°) AS alone

2008: 10%L
Auger NORTH 2012: 5104 L

10,368 km? = 4.000 mile?2 2017 10°5L

_ _ 2028: 2 10°L
SQUARE GRID - 1 mile separation

1 large PMT / tank AV NETARS)
FD sites - 3 (180°) 2011: 105 L

Baseline Timetable: 2021: 5 10° L
2008 site preparation (Engineering array)
2032: 106L

2009 begin construction
2012 finish construction
20 yr lifetime




Sky Exposure Auger North




Sky Exposure
Auger North + South




EXpOSur es (take vitanins!)
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Pl erre Auger
Pr 0\ ect
South & Nortih

to discover
Ultra-High Energy Cosmic Ray Sources
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f=Etot/Eem

1.4
Fe FD systematic uncertainty ~ 22 %

1.35
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ntrinsic Milti-messenger
capabilities
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Neut ri1 nos

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.




